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CLOSURE PANEL CONTROL APPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application is based on and incorporates herein by 
reference Japanese Patent Application No. 2007-140540 ?led 
on May 28, 2007 and Japanese Patent Application No. 2008 
124547 ?led on May 12, 2008. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a closure panel control 

apparatus, particularly, a closure panel control apparatus. 
2. Description of Related Art 
In a poWer WindoW system of a vehicle, Which has a pinch 

ing limiting function for limiting occurrence of pinching of an 
object (e.g., a hand or a neck of an occupant) by a WindoW 
glass (a closure panel), a threshold value is set for measure 
ment data (e. g., a WindoW drive motor rotational speed 
change), Which is measured in conformity With a load applied 
to the WindoW glass during a closing movement of the Win 
doW glass. The pinching of the object is detected based on the 
threshold value. HoWever, an erroneous detection of the rota 
tional speed of the drive motor may be caused by a rotational 
speed change of the drive motor, Which is caused by a change 
in the slide resistance of the WindoW glass due to, for example, 
aging and is similar to one that occurs at the time of pinching 
the object. 

In order to resolve the above disadvantage, a technique of 
updating (learning) the threshold value based on the measure 
ment data has been proposed (see, for example, Japanese 
Unexamined Patent Publication No. 2006-299568). Accord 
ing to the technique recited in Japanese Unexamined Patent 
Publication No. 2006-299568, the speed changes in the pre 
vious WindoW closing movements are stored (learned), and 
the pinching is determined based on a difference betWeen the 
stored learning data and the current speed change. When the 
threshold value is updated in the above described manner, 
more reliable detection of the pinching is possible While 
eliminating the in?uences of the change in the slide resistance 
caused by, for example, aging. 

HoWever, in the case of the prior art learning method 
recited in Japanese Unexamined Patent Publication No. 
2006-299568, the learning is performed in the same manner 
in both of an open state and a close state of the door. Thus, in 
a case of, for example, a sashless door Where the slide resis 
tance changes according to an open/close state of the doori.e., 
according to Whether the door is in the open state or in the 
close state, the speed change to be learned is different 
betWeen the open state and the close state of the door. As a 
result, the detection error of the pinching may possibly occur. 
Speci?cally, the slide resistance of the WindoW glass in the 
open state of the door is smaller than the slide resistance of the 
WindoW glass in the close state of the door. Thus, When the 
WindoW glass is moved in the close state of the door after the 
execution of the learning in the open state of the door, the 
measured value may possibly increase beyond the threshold 
value, Which is stored in the open state of the door, to make an 
erroneous detection of the pinching. 

Particularly, as shoWn in FIG. 13, in the case of the sashless 
door, the change (decrease) in the rotational speed of the 
motor at a Weather strip of the door in the close state of the 
door is relatively large, so that the rotational speed of the 
motor in the open state of the door and the rotational speed of 
the motor in the close state of the door are substantially 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
different at the Weather strip. As a result, in the case of the 
prior art learning method of executing the same learning in 
both of the open state and close state of the door, there is a 
high possibility of making the erroneous detection of the 
pinching at the Weather strip. 

In vieW of the above disadvantage, a neW technique (see, 
for example, Japanese Patent No. 3484923 that Was previ 
ously published as Japanese Unexamined Patent Publication 
No. Hl0-33l524) has been proposed to use a Weighting 
amount for the threshold value reneWed in the open state of 
the door and a Weighting amount for the threshold value 
reneWed in the close state of the door. The corresponding one 
of these Weighting amounts is added to the value of the motor 
current (serving as the threshold value) to provide the neW 
threshold value. 

HoWever, in the poWer WindoW control apparatus of J apa 
nese Patent No. 3484923, although the tWo different Weight 
ing amounts are used in the open state of the door and the 
close state of the door, respectively, the erroneous detection of 
the pinching, Which is caused by a disturbance (e.g., vibra 
tions caused by bumps on a road surface, such as bumps of a 
manhole cover, or vibrations caused by opening and closing 
of the door, is not taken into account. 

SUMMARY OF THE INVENTION 

The present invention addresses one or more of the above 
disadvantages. Thus, it is an objective of the present invention 
to provide a closure panel control apparatus, Which can 
reduce occurrence of erroneous detection of pinching by 
appropriately updating learning data even in a case Where a 
slide resistance of the closure panel differs betWeen an open 
state of a door and a close state of the door and/or Which can 
limit erroneous detection of pinching caused by a distur 
bance. 

To achieve the objective of the invention, there is provided 
a closure panel control apparatus for a vehicle, including a 
drive means, a moving speed sensing means, a moving speed 
storage means, a pinching sensing means, a disturbance sens 
ing means and a moving speed updating means. The drive 
means is for driving a closure panel, Which is provided at a 
door of the vehicle, to open and close the closure panel. The 
moving speed sensing means is for outputting a speed mea 
surement signal in response to an opening movement and a 
closing movement of the closure panel. The moving speed 
storage means is for prestoring average moving speed data, 
Which corresponds to respective corresponding positions of 
the closure panel at the time of the closing movement of the 
closure panel, as learning data. The pinching sensing means is 
for sensing pinching of an object by the closure panel based 
on: the learning data; and the speed measurement signal, 
Which is received from the moving speed sensing means at the 
time of the closing movement of the closure panel. The dis 
turbance sensing means is for sensing a disturbance When the 
speed measurement signal, Which is obtained at the time of 
the closing movement of the closure panel, exceeds a prede 
termined value. The moving speed updating means is for 
updating the learning data based on the average moving speed 
data computed based on the speed measurement signal 
obtained at the time of the closing movement of the closure 
panel. The moving speed updating means controls execution 
and non-execution of updating of the learning data in 
response to a close state and an open state of the door. The 
moving speed updating means computes the learning data 
through use of different update coef?cients that are speci?ed 
for the open state and the close state, respectively, of the door. 
The moving speed updating means computes and updates the 
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learning data through use of a disturbance update value, 
which is corrected to fall within a predetermined range, when 
the disturbance is sensed with the disturbance sensing means. 

To achieve the objective of the present invention, there is 
also provided a closure panel control apparatus for a vehicle, 
including a drive means, a moving speed sensing means, a 
moving speed storage means, a pinching sensing means and a 
moving speed updating means. The drive means is for driving 
a closure panel, which is provided at a door of the vehicle, to 
open and close the closure panel. The moving speed sensing 
means is for outputting a speed measurement signal in 
response to an opening movement and a closing movement of 
the closure panel. The moving speed storage means is for 
prestoring average moving speed data, which corresponds to 
respective corresponding positions of the closure panel at the 
time of the closing movement of the closure panel, as learning 
data. The pinching sensing means is for sensing pinching of 
an object by the closure panel based on: the learning data; and 
the speed measurement signal, which is received from the 
moving speed sensing means at the time of the closing move 
ment of the closure panel. The moving speed updating means 
is for updating the learning data based on the average moving 
speed data computed based on the speed measurement signal 
obtained at the time of the closing movement of the closure 
panel. The moving speed updating means controls execution 
and non-execution of updating of the learning data in 
response to a close state and an open state of the door. The 
moving speed updating means does not execute the updating 
of the learning data when the door is in the open state. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with additional objectives, features 
and advantages thereof, will be best understood from the 
following description, the appended claims and the accom 
panying drawings in which: 

FIG. 1 is a schematic view of a power window system 
according to an embodiment of the present invention; 

FIG. 2 is a diagram showing an electrical structure of the 
power window system shown in FIG. 1; 

FIG. 3 is a diagram showing a method for converting dif 
ference data to corrective difference data; 

FIG. 4A is a diagram showing a relationship between a 
cumulative value of rotational speed differences and a pulse 
count number during execution of a closing movement of a 
window glass in absence of a disturbance at a normal state; 

FIG. 4B is a diagram showing a relationship between a 
cumulative value of learning data and a pulse count number 
during the execution of the closing movement of the window 
glass at the normal state; 

FIG. 4C is a diagram showing a relationship between a 
cumulative value of rotational speed differences and a pulse 
count number at the time of closing a door strongly and 
abruptly to apply a disturbance during the closing movement 
of the window glass; 

FIG. 4D is a diagram showing a relationship between a 
cumulative value of learning data and a pulse count number at 
the time of closing the door strongly and abruptly during the 
closing movement of the window glass; 

FIG. 5A is a diagram showing a change in a cumulative 
value of rotational speed differences and a change in a cumu 
lative value of learning data at the time of applying the dis 
turbance shown in FIG. 4C; 

FIG. 5B is a diagram showing the change in the cumulative 
value of the learning data before the application of the distur 
bance and a change in the cumulative value of the learning 
data after the application of the disturbance; 
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4 
FIG. 6 is a diagram showing a ?owchart of a pinching 

determination operation; 
FIG. 7 is a diagram for describing the pinching determina 

tion operation at the time of application of the disturbance; 
FIG. 8 is a diagram showing a ?owchart of a learning 

update coe?icient setting operation; 
FIG. 9 is a diagram showing a ?owchart of a learning data 

updating operation; 
FIG. 10 is a diagram showing a ?owchart of a corrective 

difference data computing operation; 
FIG. 11 is a diagram showing a ?owchart of a learning 

update coe?icient setting operation according to a ?rst modi 
?cation of the embodiment; 

FIGS. 12A to 12D are diagrams showing various methods 
for converting the difference data to corrective difference data 
according to a second modi?cation of the embodiment; and 

FIG. 13 is a diagram sowing a relationship between a motor 
rotational speed and a window glass position in the open state 
of the door and in the close state of the door. 

DETAILED DESCRIPTION OF THE INVENTION 

An embodiment of the present invention will be described 
with reference to the accompanying drawings. Structures and 
procedures described below are not intended to limit the 
scope of the present invention and may be modi?ed without 
departing from the spirit and scope of the present invention. 
A control apparatus (closure panel control apparatus) of a 

power window system according to the embodiment of the 
present invention will be described. FIG. 1 is a schematic 
view of the power window system of the present embodiment, 
and FIG. 2 is a diagram showing an electrical structure of the 
power window system 1. In the power window system 1 of the 
present embodiment, an electric motor 23 is rotated to drive a 
window glass 11 to open and close (i.e., to lower and raise) the 
window glass 11. The window glass 11 serves as a closure 
panel (an opening and closing body) provided in a door 10 of 
the vehicle. The power window system 1 includes a drive 
arrangement (a drive means) 2, a control arrangement (a 
control means) 3, a manipulation switch 4 and a door open/ 
close sensing device 7. The drive arrangement 2 drives the 
window glass 11 to lower or raise the window glass 11, i.e., to 
execute the opening/closing movement of the window glass 
11. The control arrangement 3 controls the operation of the 
drive arrangement 2. The manipulation switch 4 is operated 
by an occupant of the vehicle to command the corresponding 
operation. The door open/close sensing device 7 senses the 
open/close state of the door of the vehicle. 
The drive arrangement 2 of the present embodiment 

includes upper and lower brackets 21a, 21b, a guide rail 22, 
the motor 23, an endless tape 24, a slider 25 and two guide 
frames 26a, 26b. The upper and lower brackets 21a, 21b are 
installed to an inner panel 10a of the door 10. The guider rail 
22 is installed to connect between the upper and lower brack 
ets 21a, 21b. The motor 23 is installed to the lower bracket 
21b. The tape 24 is placed around the upper bracket 21a and 
a sprocket connected to an output shaft of the motor 23. The 
slider 25 is installed to the tape 24 and is slidably guided by 
the guide rail 22. The guide frames 26a, 26b guide the win 
dow glass 11 in an opening/closing direction. A carrier plate 
11a, which supports a lower end portion of the window glass 
11, is installed to the slider 25. 
The motor 23 is rotatable in both of a normal direction and 

a reverse direction upon receiving an electric power from the 
control arrangement 3. In the drive arrangement 2 of the 
present embodiment, when the motor 23 is rotated in the 
normal direction or reverse direction, the rotational force of 
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the motor 23 is transmitted to the tape 24 through the 
sprocket. Thereby, the tape 24 is turned by the rotational force 
to guide the slider 25 along the guide rail 22 in the vertical 
direction. When the slider 25 is guided in the vertical direc 
tion along the guide rail 22, the slider 25 moves the WindoW 
glass 11 in the vertical direction through the carrier plate 1111 
along the guide frames 26a, 26b. The drive arrangement 2 
drives the motor 23 to execute the opening/ closing movement 
of the WindoW glass 11. 
A rotation sensing device 27, Which serves as a moving 

speed sensing means, is provided integrally With the motor 23 
of the present embodiment. The rotation sensing device 27 
outputs pulse signals (a speed measurement signal and a 
rotational speed signal), Which are synchronized With the 
rotation of the motor 23, to the control arrangement 3. The 
rotation sensing device 27 includes a plurality of Hall ele 
ments to sense a magnetic change of a magnet, Which is 
rotated integrally With the output shaft of the motor 23. With 
the above construction, the rotation sensing device 27 outputs 
the pulse signals, Which are synchronized With the rotation of 
the motor 23. That is, the pulse signal is outputted every 
predetermined moving distance of the WindoW glass 11 or 
every predetermined rotational angle of the motor 23. In this 
Way, the rotation sensing device 27 can output the signal that 
corresponds to the moving speed of the WindoW glass 11, 
Which is generally proportional to the rotational speed of the 
motor 23. 

In the present embodiment, the Hall elements are used in 
the rotation sensing device 27. HoWever, the present inven 
tion is not limited to this construction. Speci?cally, in place of 
the Hall elements, an encoder may be used in the rotation 
sensing device 27 as long as the rotation sensing device 27 can 
measure the rotational speed of the motor 23. Furthermore, in 
the present embodiment, the rotation sensing device 27 is 
provided integrally With the motor 23 to measure the rota 
tional speed of the output shaft of the motor 23, Which corre 
sponds to the movement of the WindoW glass 1 1. HoWever, the 
present invention is not limited to this construction. For 
instance, any knoWn means or device may be used to directly 
measure the moving speed of the WindoW glass 11. 

The control arrangement 3 of the present embodiment 
includes a controller 31 and a drive circuit 32. A necessary 
electric poWer is supplied from a battery 5 of the vehicle to the 
controller 31 and the drive circuit 32. 

The controller 31 of the present embodiment includes a 
microcomputer, Which has a CPU, memories (e. g., a ROM, a 
RAM), an input circuit and an output circuit. The CPU, the 
memories, the input circuit and the output circuit are inter 
connected through a bus line. The structure of the controller 
31 is not limited to the above described one. For example, a 
DSP or a gate array may be used to construct the controller 31. 

The controller 31 drives the motor 23 in the normal direc 
tion or the reverse direction through the drive circuit 32 based 
on a manipulation signal outputted from the manipulation 
sWitch 4 to execute the opening/closing movement of the 
WindoW glass 11. Furthermore, the controller 31 can sense 
pinching of an object betWeen an upper end portion of the 
WindoW glass 11 and a WindoW frame based on pulse signals, 
Which are received from the rotation sensing device 27. When 
the pinching of the object is sensed, the controller 31 drives 
the motor 23 in the opening direction through the drive circuit 
32 to open, i.e., to loWer the WindoW glass 11. As described 
above, the controller 31 of the present embodiment functions 
as a pinching sensing means. 

The drive circuit 32 of the present embodiment includes 
FET’s and changes a polarity of the electric poWer supplied to 
the motor 23 based on the input single from the controller 31. 
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6 
Speci?cally, When the drive circuit 32 receives a normal rota 
tion command signal from the controller 31, the drive circuit 
32 supplies the electric poWer to the motor 23 to rotate the 
motor 23 in the normal direction. In contrast, When the drive 
circuit 32 receives a reverse rotation command signal from 
the controller 31, the drive circuit 32 supplies the electric 
poWer to the motor 23 to rotate the motor 23 in the reverse 
direction. Alternatively, the drive circuit 32 may be con 
structed to change the polarity using a relay circuit. Further 
more, the drive circuit 32 may be integrated in the controller 
31. 
The controller 31 senses leading edges and trailing edges 

(pulse edges) of the received pulse signals. The controller 31 
computes the rotational speed (rotational period) of the motor 
23 based on intervals (periods) of the pulse edges and senses 
the rotational direction of the motor 23 based on a phase 
difference of each pulse signal. That is, the controller 31 
indirectly computes the moving speed of the WindoW glass 11 
based on the rotational speed (rotational period) of the motor 
23 and determines the moving direction of the WindoW glass 
11 based on the rotational direction of the motor 23. Further 
more, the controller 31 counts the pulse edges. This pulse 
count value is incremented or decremented in response to the 
opening/closing movement of the WindoW glass 11. The con 
troller 31 determines an opening/closing position (a vertical 
slide position) of the WindoW glass 11 based on the degree of 
the pulse count value. 
The controller 31, Which serves as a moving speed storage 

means, prestores rotational speed data (rotational speed dif 
ferences Ann) of the motor 23, Which represents the moving 
speed data of the WindoW glass 11, as learning data in the 
memory. The controller 31, Which noW serves as a moving 
speed updating means, essentially updates the learning data 
every time the closing movement of the WindoW glass 11 is 
performed. 

In the present embodiment, except the case Where the 
pinching is detected, the learning data is updated even at the 
time of applying an in?uential external force, Which may 
possibly affect the rotational speed data, to the WindoW glass 
11, such as at the time of traveling at a high speed, the time of 
opening/closing the door, the time of freeZing and/ or the time 
of traveling along a rough road While re?ecting such a state 
(disturbance). The controller 31, Which serves as a distur 
bance sensing means, determines occurrence of the distur 
bance When the rotational speed data (rotational speed differ 
ence), Which is computed based on the inputted pulse signals, 
exceeds a predetermined range. 

In the present embodiment, the learning data is updated 
even in the case Where the in?uential external force is applied, 
so that there is an increased chance of learning. In this Way, it 
is alWays possible to maintain the learning data, Which is 
adapted to the practical situation. Thereby, it is possible to 
reduce occurrence of an erroneous detection of the pinching. 
In the case of updating the learning data only in the state 
Where the in?uential external force is not applied like the 
prior art, it is required to determine Whether the in?uential 
external force is applied to the WindoW glass 11 based on a 
sensor input. HoWever, according to the present embodiment, 
even in the state Where the in?uential external force is 
applied, the learning data is updated to avoid the occurrence 
of the erroneous detection of the pinching at the time of 
closing movement of the WindoW glass 11. Thus, it is not 
required to implement the above determination process. In 
this Way, it is possible to simplify the entire structure, and it is 
possible to limit the cost increase. 
The manipulation sWitch 4 of the present embodiment is a 

rocker sWitch, Which is operable in tWo steps and includes an 
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opening switch, a closing switch and an automatic sWitch. 
When the occupant operates the manipulation sWitch 4, a 
command signal for executing the opening/closing move 
ment of the WindoW glass 11 is outputted from the manipu 
lation sWitch 4 to the controller 31. 

More speci?cally, When the manipulation sWitch 4 is 
manipulated in one step toWard one end side thereof, the 
opening sWitch is turned on. Thus, a normal opening com 
mand signal for executing a normal opening movement of the 
WindoW glass 11 (for executing an opening movement of the 
WindoW glass 11 only through a period of manipulating the 
manipulation sWitch 4) is outputted from the manipulation 
sWitch 4 to the controller 31. Furthermore, When the manipu 
lation sWitch 4 is manipulated in one step toWard the other end 
side thereof, the closing sWitch is turned on. Thus, a normal 
closing command signal for executing a normal closing 
movement of the WindoW glass 11 (for executing a closing 
movement of the WindoW glass 11 only through a period of 
manipulating the manipulation sWitch 4) is outputted from 
the manipulation sWitch 4 to the controller 31. 

Furthermore, When the manipulation sWitch 4 is manipu 
lated in tWo steps toWard the one end side thereof, the opening 
sWitch and the automatic sWitch are both turned on. Thus, an 
automatic opening command signal for executing an auto 
matic opening movement of the WindoW glass 11 (for execut 
ing an opening movement of the WindoW glass 11 all the Way 
to a full open position regardless of Whether the manipulation 
of the manipulation sWitch 4 is stopped) is outputted from the 
manipulation sWitch 4 to the controller 31. Also, When the 
manipulation sWitch 4 is manipulated in tWo steps toWard the 
other end side thereof, the closing sWitch and the automatic 
sWitch are both turned on. Thus, an automatic closing com 
mand signal for executing an automatic closing movement of 
the WindoW glass 11 (for executing a closing movement of the 
WindoW glass 11 all the Way to a full close position regardless 
of Whether the manipulation of the manipulation sWitch 4 is 
stopped) is outputted from the manipulation sWitch 4 to the 
controller 31. 

The controller 31 drives the motor 23 through the drive 
circuit 32 throughout the period of receiving the normal open 
ing command signal from the manipulation sWitch 4 
(throughout the period of manipulating the manipulation 
sWitch 4) to execute the normal opening movement of the 
WindoW glass 11. Also, the controller 31 drives the motor 23 
through the drive circuit 32 throughout the period of receiving 
the normal closing command signal from the manipulation 
sWitch 4 (throughout the period of manipulating the manipu 
lation sWitch 4) to execute the normal closing movement of 
the WindoW glass 11. 

Furthermore, When the controller 3 1 receives the automatic 
opening command signal from the manipulation sWitch 4, the 
controller 31 drives the motor 23 through the drive circuit 32 
to execute the automatic opening movement of the WindoW 
glass 11 all the Way to the full open position. Also, When the 
controller 31 receives the automatic closing command signal 
from the manipulation sWitch 4, the controller 31 drives the 
motor 23 through the drive circuit 32 to execute the automatic 
closing movement of the WindoW glass 11 all the Way to the 
full close position. 

The controller 31 monitors occurrence of the pinching of 
the object by the WindoW glass 11 When the closing move 
ment of the WindoW glass 11 (normal closing movement and 
automatic closing movement) is executed. Speci?cally, When 
the pinching occurs, the moving speed of the WindoW glass 11 
and the rotational speed of the motor 23 are reduced (length 
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8 
ening of the rotational period). Thus, the controller 31 of the 
present embodiment alWays monitors the change in the rota 
tional speed of the motor 23. 
The controller 31 ?rst senses start of the pinching based on 

the change in the rotational speed. Then, When the controller 
31 senses a predetermined amount of change in the rotational 
speed since the time of detecting the start of the pinching, the 
controller 31 determines, i.e., con?rms that the pinching has 
occurred. 

Then, When the pinching is con?rmed, the controller 31 
drive the motor 23 in the reverse direction to release the 
pinched object from the WindoW glass 11, so that the WindoW 
glass 11 is opened by a predetermined amount. Alternatively, 
When the occurrence of the pinching is con?rmed, the con 
troller 31 may only stop the further closing movement of the 
WindoW glass 11 by stopping the motor 23 to enable releasing 
of the pinched object from the WindoW glass 11. 
The door open/close sensing device 7 senses the open/close 

state of the door of the vehicle and includes a door sWitch of 
a contact type or a contactless type. The door open/close 
sensing device 7 outputs an open/close signal in response to 
the open/close state of the door, and the controller 31 deter 
mines the open/close state of the door, i.e., Whether the door 
is in the open state or the close state based on this signal. 

Next, a learning data updating operation of the poWer Win 
doW system 1 of the present embodiment Will be described 
With reference to FIGS. 3 to 5B. 

In the present embodiment, When the poWer WindoW sys 
tem 1 is operated to execute the closing movement of the 
WindoW glass 11, the rotational speed 000 of the motor 23 is 
computed based on the pulse signal received from the rotation 
sensing device 27. A rotational speed difference A000 is com 
puted based on the rotational speed 000 every time the pulse 
edge is sensed. The values of the rotational speed differences 
A000 form a data column, in Which the values are stored in 
relation to the pulse count values, respectively. 
The controller 31 stores the learning data (rotational speed 

differences) A00. The values of the learning data A00 also form 
a data column, in Which the values are stored in relation to the 
pulse count values, respectively. In this Way, the characteris 
tics of the learning data A00 can be stored for every predeter 
mined moving interval of the WindoW glass 11. Thereby, the 
detection of the pinching can be made for each of the posi 
tions. The learning data A00 is updated by using the rotational 
speed difference A000 for each closing movement of the Win 
doW glass 11. The learning data before the updating Will be 
referred to as pre-update learning data A000 before, and the 
learning data after the updating Will be referred to as post 
update learning data A000 after. 

In the present embodiment, When the rotational speed dif 
ference A000 is computed upon the execution of the closing 
movement Without encountering the pinching of the object by 
the WindoW glass 11, difference data d betWeen the rotational 
speed difference A000 and the current pre-update learning 
data A000 before is computed through the folloWing equation 
(1) in relation to the respective moving positions (i.e., in 
relation to the respective pulse count values). 

d IA0JO-A0Jbefore Equation (1) 

In the present embodiment, as shoWn in FIG. 3, When the 
difference data d is in a range from a predetermined distur 
bance learning data determination threshold value —[3 to a 
predetermined disturbance learning data determination 
threshold value [3, i.e., in a normal learning data update range 
(-Bédé [3), the difference data d is set as corrective differ 
ence data D. Here, the predetermined disturbance learning 
data determination threshold value —[3 is a negative constant, 
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and the predetermined disturbance learning data determina 
tion threshold value [3 is a positive constant. 

In contrast, When the difference data d is less than the 
disturbance learning data determination threshold value —[3, 
i.e., in a disturbance learning data range (d<—[3), a disturbance 
learning data update amount —y, Which serves as a disturbance 
update value, is set as the corrective difference data D. The 
disturbance learning data update amount —y is a negative 
constant. In contrast, When the difference data d is more than 
the disturbance learning data determination threshold value 
[3, i.e., in a disturbance learning data range ([3<d), a distur 
bance learning data update amount y, Which serves as a dis 
turbance update value, is set as the corrective difference data 
D. The disturbance learning data update amount y is a positive 
constant. Here, the value of y is set to be smaller than the value 
of [3. 

In the present embodiment, the post-update learning data 
A00after is computed through the folloWing equation (2) by 
adding correction data, i.e., a product of the corrective differ 
ence data D and a learning update coef?cient ot (a predeter 
mined corrective coe?icient) to the pre-update learning data 
A00before. The learning update coe?icient 0t is a constant, 
Which is larger than 0 (Zero) but smaller than 1 (i.e., 0<0t<l). 
The correction data (00D) is a value that falls in a predeter 
mined range (i.e., —0t~[3§0t~D§ot-[3). 

AOJafter:AOJbefore+0t><D Equation (2) 

Furthermore, in the present embodiment, the learning 
update coe?icient 0t is changed according to the open/close 
state of the door. Speci?cally, When the door is closed, a door 
close time learning update coe?icient (x1 is used as the leam 
ing update coe?icient 0t. The door close time learning update 
coe?icient (X1 is a constant, Which is larger than 0 (Zero) but 
smaller than 1 (i.e., 0<0t1<l). In contrast, When the door is 
open, a door open time learning update coe?icient (X2 is used 
as the learning update coe?icient. The door open time leam 
ing update coe?icient (X2 is a constant, Which is larger than 0 
(Zero) but smaller than 1 (i.e., 0<0t2<l). Furthermore, the 
door close time learning update coe?icient (x1 is smaller than 
the door open time learning update coef?cient Q2. The door 
close time learning update coe?icient (X1 and the door open 
time learning update coe?icient (X2 are the predetermined 
constants, Which make the post-update learning data A00after 
in the door close state and the post-update learning data 
A00after in the door open state to be generally the same value 
and Which are prestored in the memory. 

As discussed above, according to the present embodiment, 
in the case Where the difference data d does not exceed the 
disturbance learning data determination threshold value (—[3, 
[3), i.e., in the case Where the difference data d is in the normal 
learning data update range, the current condition (e. g., the 
current slide resistance) is re?ected into the post-update 
learning data A00after by adding the product of the difference 
data d and the learning update coe?icient 0t to the pre-update 
learning data A00before. In this Way, the post-update learning 
data A00after is updated by the update value, Which is propor 
tional to the difference data d. 

Furthermore, in the case Where the difference data d 
exceeds the disturbance learning data determination thresh 
old value (—[3, [3), i.e., in the case Where the difference data d 
is in the disturbance learning data range, it is determined that 
the disturbance has occurred. Therefore, in order to limit the 
in?uence of the disturbance on the post-update learning data 
A00after, the predetermined constant (ct-y, —0t~y) is added to 
the pre-update learning data (x00before to obtain the post 
update learning data A00after. 
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10 
Furthermore, in the case of the sashless door, the slide 

resistance in the door open state is extremely small in com 
parison to the slide resistance in the door close state. In vieW 
of this, the post-update learning data A00after is adjusted to 
generally the same value in both the door close state and the 
door open state by using the tWo different coe?icients, i.e., the 
door close time learning update coe?icient (X1 and the door 
open time learning update coe?icient (X2 (here, (X1<(X2), 
respectively, as the learning update coef?cient 0t that is used 
to correct the corrective difference data D. 

FIG. 4A shoWs a change in a cumulative value ZA000 
(corresponding to the rotational speed 000) of the rotational 
speed differences A000 of the motor 23 at the time of executing 
the closing movement of the WindoW glass 11 from the full 
open position to the full close position in the normal state 
Where the pinching of the object by the WindoW glass 11 has 
not occurred, and the disturbance caused by, for example, 
door closing movement or freeZing has not been applied. The 
axis of abscissas indicates a pulse count number. As indicated 
in FIG. 4A, due to the application of the slide resistance to the 
WindoW glass 11, the cumulative value ZA000 of the rotational 
speed differences A000 includes slide related minute changes. 

FIG. 4B indicates a change in the cumulative value ZA00 
(corresponding to the rotational speed) of the learning data 
A00, Which is updated based on the closing movement shoWn 
in FIG. 4A. 

In general, the slide resistance change, Which is caused by 
aging, gradually affects the rotational speed 000, so that the 
amount of change in the rotational speed 000 at each closing 
movement is relatively small. In the normal state of FIG. 4A 
Where the disturbance is not applied, the change in the cumu 
lative value ZA000 of the rotational speed differences A000 is 
generally the same as a change in a cumulative value ZA00 of 
the pre-update learning data A00before. The post-update 
learning data A00after, Which is updated in vieW of the rota 
tional speed difference A000 obtained at this time, shoWs 
generally the same change as that of the pre-update learning 
data A00before. 

FIG. 4C shoWs a change in the cumulative value ZA000 of 
the rotational speed differences A000 in a case of strongly and 
abruptly closing the door during the execution of the closing 
movement of the WindoW glass 11. In FIG. 4C, it is under 
stood that a pulsed change, Which is caused by the strong and 
abrupt closing of the door, is overlapped on the cumulative 
value ZA000 of the rotational speed differences A000. 

In generally, the abrupt change in the environment (e. g., the 
strong and abrupt closing of the door) has the signi?cant 
in?uence on the rotational speed difference A000. HoWever, 
such an in?uence does not last long. Therefore, at the next 
time When the closing movement of the WindoW glass 11 is 
executed, the change in the cumulative value ZA000 of the 
rotational speed differences A000 shoWn in FIG. 4A should be 
obtained. 

In the present embodiment, even When the above distur 
bance is applied, the learning data A00 is updated in vieW of 
such a disturbance. Speci?cally, even When the disturbance 
occurs, the disturbance does not occur at the next time or the 
time after the next time. Therefore, even in the case Where the 
learning data is updated in vieW of the change at the time of 
occurrence of the disturbance to cause a slight deviation in the 
learning data, such a deviation is corrected at the next time or 
time after the next time. Moreover, When the number of times 
of updating is increased, the learning data is corrected in 
conformity With the reality. 

FIG. 4D shoWs a change in the cumulative value ZA00 of the 
learning data A00, Which is updated at the time of executing 
the closing movement shoWn in FIG. 4C. A circled area X 
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shown in FIG. 4D indicates that a small in?uence is applied 
due to the application of the pulsed disturbance but is not 
conspicuous in comparison to the other area. As described 
above, according to the present embodiment, even When the 
large disturbance is applied, the change in the learning data 
A00 does not substantially deviate from that of the ideal leam 
ing data. Thus, even When the learning data A00 is updated in 
vieW of the above disturbance, the erroneous detection of the 
pinching is less likely to occur, and the number of times of 
learning canbe increased. Therefore, it is possible to maintain 
the learning data A00 in conformity With the reality. 

In FIG. 5A, a solid line “a” indicates the cumulative value 
ZA000 of the rotational speed differences A000 at the time of 
applying the disturbance shoWn in FIG. 4C, and a dotted line 
“b” indicates the cumulative value ZA00 of the learning data 
A00 (A00before) at that time. As indicated in FIG. 5A, When the 
disturbance is applied, the cumulative value ZA000 of the 
rotational speed differences A000 is largely deviated from that 
of the learning data A00. 

In FIG. 5B, the dotted line “b” indicates the cumulative 
value ZA00 of the learning data A00 (A00before) before the 
application of the disturbance shoWn in FIG. 4C, and a solid 
line “c” indicates the cumulative value ZA00 of the learning 
data A00 (A00after) after the application of the disturbance. As 
shoWn in FIG. 5B, the learning data A00after is updated in 
vieW of the disturbance and is thereby is only slightly deviated 
from the learning data A00before. HoWever, as is understood 
from FIG. 5B, the disturbance does not have the signi?cant 
in?uence on the post-update data, so that the post-update data 
is not signi?cantly deviated from the pre-update data in com 
parison to the other area Where the disturbance is not applied. 

Next, a pinching determination operation of the controller 
31 of the present embodiment Will be described With refer 
ence to the ?owchart shoWn in FIG. 6. 

First, at step S1, the controller 31 updates the rotational 
speed data of the motor 23 based on the pulse signal received 
from the rotation sensing device 27. Speci?cally, the control 
ler 31 senses the pulse edge through signal processing of the 
pulse single received from the rotation sensing device 27. 
Then, every time the pulse edge is sensed, the controller 31 
increments the pulse count value and computes a pulse Width 
(a time interval) T betWeen the previously sensed pulse edge 
and the currently sensed pulse edge and stores it one after 
another in the memory. 

In the present embodiment, Whenever the neW pulse edge is 
sensed, the pulse Width T is sequentially updated, so that the 
memory stores the latest four pulse Widths T(0) to T(3). 
Speci?cally, Whenever the pulse edge is sensed, the pulse 
Width T(0) is neWly computed, the previously stored pulse 
Widths T(0) to T(2) are shifted as the pulse Widths T(1) to T(3) 
While the previously stored pulse Width T(3) is deleted from 
the memory. 

Then, the controller 31 computes the rotational speed 000 
from an inverse of a sum (a pulse period P) of the pulse Widths 
T of the pulse edges (the number of the pulse edges is n), 
Which are sensed temporally continuously. The rotational 
speed 000 is proportional to the actual rotational speed. 

In the present embodiment, the average rotational speed 
000(0) is computed from the pulse Widths T(0) to T(3) of the 
latest four pulse edges. Then, When the next pulse edge is 
sensed, the rotational speed 000(0) is updated based on the 
neWly computed pulse Widths T(0) to T(3). At this time, the 
previous rotational speed 000(0) is stored as the rotational 
speed 000(1). In this Way, the controller 31 alWays stores the 
latest eight rotational speeds 000(0) to 000(7), Which are 
reneWed every time the neW pulse edge is sensed, i.e., are 
reneWed at every predetermined moving distance or at every 
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predetermined rotational angle. When the rotational speed 000 
is computed based on the multiple pulse Widths T, it is pos 
sible to substantially eliminate variations in the sensor Duty 
of the respective received pulse signal outputs, and thereby it 
is possible to compute the rotational speed from Which the 
erroneous changes are substantially eliminated. 

Next, the controller 31 computes the average rotational 
speed difference (rotational speed change rate) A000 from the 
rotational speed 000 at step S2. Speci?cally, the latest four 
rotational speeds 000(0) to 000(3) are named as current block 
data and are summed to obtain a sum of the current block data, 
and the older four rotational speed 000(4) to 000(7) are named 
as previous block data and are summed to obtain a sum of the 
previous block data. Then, the sum of the current block data 
is subtracted from the sum of the previous block data. Spe 
ci?cally, the rotational speed difference A000 is computed by 
subtracting the sum of the rotational speeds 000(0) to 000(3) 
from the sum of the rotational speeds 000(4) to 000(7) and is 
updated every time the pulse edge is sensed, i.e., at every 
predetermined moving distance or at every predetermined 
rotational angle. Alternatively, the computed value (sum of 
the rotational speeds) may be divided by the number (four in 
the present embodiment) of the computed rotational speeds in 
each block data. When the rotational speed difference A000 is 
computed based on the multiple rotational speeds 000, it is 
possible to substantially eliminate a phase difference betWeen 
the rotational speeds 000. 

This rotational speed difference A000 is temporarily stored 
in the memory in relation to the pulse count value. 

Then, While a predetermined position of the WindoW glass 
11 is used as a reference, the controller 31 adds (cumulates) 
the correction value at step S3. This correction value is 
obtained by subtracting the learning data A00, Which corre 
sponds to the pulse count value at the time of obtaining the 
computed rotational speed difference A000, from the com 
puted rotational speed difference A000. 

Then, it is determined Whether the above correction value 
exceeds the disturbance determination threshold value C on 
the positive side at step S4. In the present embodiment, it is 
possible to limit the erroneous detection of the pinching, 
Which Would be caused by the disturbance that is generated, 
for example, When the vehicle runs onto a shoulder or When 
the door is closed. 
As shoWn in FIG. 7, When the disturbance is applied, the 

correction value, Which is obtained by subtracting the leam 
ing data A00 from the rotational speed difference A000, nor 
mally becomes a positive or negative large value. When the 
correction value is shifted to the positive side, it indicates that 
the rotation of the motor 23 is accelerated in the closing 
direction of the WindoW glass 11. In contrast, When the cor 
rection value is shifted to the negative side, it indicates that the 
rotation of the motor 23 is decelerated. The shift of the cor 
rection value to the negative side resembles occurrence of the 
pinching. Here, the disturbance determination threshold 
value C is a positive value. When the correction value exceeds 
the disturbance determination threshold value C on the posi 
tive side, the controller 31 determines that the disturbance has 
occurred. 
When it is determined that the disturbance has occurred at 

step S4 (i.e., YES at step S4), the controller 31 increase a 
pinching determination threshold value B on the negative side 
at step S7. Thereafter, the controller 31 proceeds to step S8. In 
this Way, even When the correction value is changed to the 
negative side thereafter to cause detection of the start of the 
pinching, the erroneous determination of the pinching can be 
limited since the cumulative value ZA000 of the rotational 
speed differences A000 Will never be increased beyond the 
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pinching determination threshold value. In the present 
embodiment, the disturbance determination threshold value 
C is set regardless of a change determination threshold value 
A. Alternatively, for example, the disturbance determination 
threshold value C may be set to a value, Which is obtained by 
reversing the sign (+/—) of the change determination threshold 
value A. 
When it is determined that the disturbance has not occurred 

at step S4 (i.e., NO at step S4), the controller executes a 
pinching start determination operation at step S5. Speci? 
cally, the correction value is obtained by subtracting the leam 
ing data An) at the pulse count value, Which corresponds to 
this rotational speed difference A000, from this rotational 
speed difference A000. Then, When this correction value 
exceeds the change determination threshold value A on the 
negative side, it is determined that the pinching has started. In 
contrast, When this correction value does not exceed the 
change determination threshold value A on the negative side, 
it is determined that the pinching has not started. 
When it is determined that the pinching has started at step 

S5 (i.e.,YES at step S5), the controller 31 proceeds to step S8. 
In contrast, When it is determined that the pinching has not 
started at step S5 (i.e., NO at step S5), the controller 31pro 
ceeds to step S6. At step S6, the cumulative value of the 
correction values, each of Which is obtained by subtracting 
the learning data An) from the rotational speed difference 
A000, is initialiZed, and also the pinching determination 
threshold value B is initialiZed. Speci?cally, the cumulative 
value of the correction values, each of Which is computed at 
step S3, is set to an initial change amount S of the rotational 
speed 000, and the pinching determination threshold value B is 
returned to a normal value, Which has not been increased at 
all. When it is determined that the period of disturbance is 
over, the pinching determination threshold value B is returned 
to the normal value, and the normal operation is performed. 

Then, at step S8, a computing operation for computing the 
change amount S of the rotational speed 000 is executed. 
Speci?cally, the controller 31 subtracts the cumulative value 
of the correction values computed at step S3 from the initial 
change amount S0 of the rotational speed 000 (the cumulative 
value of the correction values) set at step S6 right before it is 
determined that the pinching has started. In this Way, the 
change amount S of the rotational speed 000 (the cumulative 
value of the correction values) since the start of the pinching 
is computed. Thereby, the change of the rotational speed 
caused by the pinching (i.e., the change caused by the pinch 
ing load) can be reliably computed. 

In the present embodiment, the difference of the change 
amount relative to the reference value is computed to compute 
the change amount of the rotational speed 000 since the start of 
the pinching. HoWever, the present invention is not limited to 
this. For example, When the start of the pinching is not 
detected, the cumulative value of the correction values may be 
initialiZed. In contrast, When the start of the pinching is 
detected, the initialiZation of the cumulative value of the 
correction values may be prohibited. In this Way, only the 
correction values, Which are obtained since the detection of 
the start of the pinching, are cumulated, and the change 
amount of the rotational speed 000 may be computed based on 
this cumulative value of the correction values. 

Next, the controller 31 determines Whether the change 
amount S of the rotational speed 000, Which is computed at 
step S8, has exceeded the pinching determination threshold 
value B at step S9. 
When it is determined that the change amount S of the 

rotational speed 000, Which is computed at step S8, has 
exceeded the pinching determination threshold value B at 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
step S9, the controller 31 proceeds to step S10. At step S10, 
the controller 31 executes a pinching releasing operation for 
releasing the pinched object from the WindoW glass 11 and 
then terminates the operation. Speci?cally, in the pinching 
releasing operation, the controller 31 rotates the motor 23 in 
the reverse direction to loWer the WindoW glass 11 for a 
predetermined amount to release the pinched object from the 
WindoW glass 11. 

In contrast, When it is determined that the change amount S 
of the rotational speed 000 has not exceeded the pinching 
determination threshold value B at step S9 (i.e., NO at step 
S9), the controller 31 terminates the operation. 

Next, a learning update coe?icient setting operation of the 
controller 31 according to the present embodiment Will be 
described With reference to FIG. 8. In this embodiment, this 
operation starts When the WindoW glass 11 is placed in the full 
open state. Furthermore, this operation Will be forcefully 
terminated When the pinching releasing operation is executed 
upon occurrence of the pinching. 

At step S11, the controller 31 determines Whether the Win 
doW glass 11 is still in the middle of the closing movement 
(upWard movement) or has completed the closing movement. 
When it is determined that the WindoW glass 11 is not in the 
middle of the closing movement and has not completed the 
closing movement at step S11 (i.e., NO at step S11), the 
controller 31 terminates the operation. In contrast, When it is 
determined that the WindoW glass 11 is still in the middle of 
the closing movement or has completed the closing move 
ment at step S11 (i.e., YES at step S11), the controller 31 
determines the open/close state of the door at step S12. The 
determination of the open/close state of the door is made 
based on the open/close signal supplied from the door open/ 
close sensing device 7 to the controller 31. 
When it is determined that the door is in the close state at 

step S12 (i.e.,YES at step S12), the controller 31 proceeds to 
step S13. At step S13, the controller 31 sets the door close 
time learning update coe?icient (x1 (0<0t1<l) as the learning 
update coe?icient 0t. In contrast, When it is determined that 
the door is not in the close state, i.e., is in the open state at step 
S12 (i.e., NO at step S12), the controller 31 proceeds to step 
S14. At step S14, the controller 31 sets the door open time 
learning update coe?icient (X2 (0<0t2<l) as the learning 
update coe?icient 0t. The above coef?cients (x1, (X2 are pre 
determined constants, Which are prestored in the memory and 
have the relationship of (x1<0t2. At step S13 or step S14, the 
corresponding coe?icient (x1, (X2 is retrieved from the 
memory and is stored in the memory as the learning update 
coe?icient 0t. 

Thereafter, the learning data updating operation is 
executed at step S15. 

Next, the learning data updating operation of the controller 
31 according to the present embodiment Will be described 
With reference to FIG. 9. The controller 31 initialiZes the 
memory at step S21 to update the learning data An) and then 
stands by. Then, at step S22, it is determined Whether the 
WindoW glass 11 is in the middle of the closing movement or 
has completed the closing movement from the full open posi 
tion to the full close position. The controller 31 determines 
Whether the WindoW glass 11 is in the middle of the closing 
movement or has completed the closing movement to the full 
close position based on the pulse signal. When it is deter 
mined that the WindoW glass 11 is not in the middle of the 
closing movement and has not completed the closing move 
ment to the full close position at step S22 (i.e., NO at step 
S22), the controller 31 repeats step S22. In contrast, When it is 
determined that the WindoW glass 11 is in the middle of the 
closing movement or has completed the closing movement to 








